Introduction
Malaysia, a tropical country, experiences moderately warm ambient temperature all throughout the year. Ventilation is paramount to ensure comfort within an indoor environment. Insufficient ventilation rates and inadequate ventilation strategies coupled with increasing outdoor and indoor pollutants may reduce the indoor air quality (IAQ). High humidity and warm temperatures could also increase the risk of thermal discomfort and moisture problems indoor [1] . Several past IAQ studies in Malaysia reported that IAQ, thermal comfort and sick building syndrome (SBS) have become common concerns in Malaysian buildings [2] - [6] .
To create an indoor climate in buildings that occupants would find thermally comfortable, building designers refer to thermal comfort standards to aid in their designs [7] . By referring to Hoyt et al. [8] a comfort zone should be based on six variables, namely, air temperature, air velocity, relative humidity, radiant temperature, occupant's clothing insulation and occupant's activity level as recommended by American Society of Heating, Refrigerating and AirConditioning Engineers (ASHRAE) Standard-55. If temperature and humidity levels in a building are too high or too low, occupants can fall into an uncomfortable zone and feel dissatisfied with the environment, a condition which reduces their productivity.
As Malaysia is located near the equator, buildings may receive greater heat, which increases their thermal loads. In a tropical climate, the high solar and terrestrial radiations that reach building envelopes causes discomfort to the occupants [9] . Mosque, a non-industrial building, is an important building typology for Muslims by serving as a multifunctional space for the community. Its main prayer hall is a place for worshipping, preaching and other religious activities that involve occupancy [10] . Hence, the indoor environment of mosques must be kept as comfortable as possible. IAQ and thermal comfort in public buildings, especially in mosques, may be a concern for tranquility, particularly during prayer times which always receive high attendance; thus, good IAQ is necessary [11] . Poor IAQ could have detrimental health effects on building occupants, such as respiratory and cardiopulmonary pathologies and asthma. Therefore, a poor indoor environment has a negative impact on human health [12] . IAQ and thermal comfort are very important because they can affect public users' health when they are exposed to indoor air pollutants. These issues are not new in Malaysia. However, the lack of study data and local regulations has made IAQ an urgent concern, especially within non-industrial premises [1] like a mosque.
Building conditions or façade design parameters (e.g. dimensions of the building, ventilation, size of doors, type and size of windows) and general activities (e.g. praying) are some of the factors that may interrelate to influence the level of thermal comfort. Moreover, poor thermal comfort or thermal discomfort has a negative impact in its own right. If thermal discomfort continues over prolonged periods, it may contribute to serious adverse health effects for individuals, especially building occupants.
During (Friday) prayer and Taraweeh prayer on the nights of the Ramadan month, as well as during other special occasions, such as lecturing and seminar activities where people congregate and tend to stay longer in mosques, mosques often become fully occupied, with occupant density rising up to >1.5 person/m 2 [11] . Despite the importance of IAQ, few studies have been performed to evaluate it in mosque buildings. The attendance of worshippers during Zohor time on Friday increases the number of Jemaah in the mosques and the number of vehicles to transport them.
Therefore, the objectives of this study were to (1) determine the relationship of thermal comfort parameters (air temperature, relative humidity and air speed) at lowland and highland and (2) establish the relationship between ventilation approach and predicted mean value (PMV) and predicted percentage of dissatisfied (PPD) according to their compliance with ASHRAE Standards at lowland and highland. Highlands are expected to have lower ambient temperature than lowlands.
Material and Methods

Sampling Location
Six mosque buildings around the Nibong Tebal area (lowland) and four mosque buildings around the Cameron Highlands area (highland) were selected to determine the physical parameters of thermal comfort (air temperature, relative humidity and air speed). The mosques were selected based on their different microclimate to investigate the thermal comfort characteristics between lowland and highland. From the ten mosques, six mosques were monitored during Zohor and Asar prayers (3 mosques at lowland and 3 mosques at highland), while four mosques were monitored during Friday and Asar prayer (3 mosques at lowland and 1 mosque at highland), times which have high occupancy in the afternoon because of the Friday prayer. Therefore, the data sampling for temperature in mosque buildings on Friday was different from that on normal days. Table 1 shows the coordinates of the studied mosques.
Selection of Monitoring Instruments
An IAQ monitor (IQ-610) was used to collect air temperature data (range: 10 °C-70 °C; accuracy: ± 0.3 °C) and relative humidity (range: 0-100%), while Air Flow (AS-201) was used for air speed in the mosque buildings. Both instruments are Graywolf models. The instruments were mounted on a tripod 1.3 m above the ground at one sampling point and placed in the main prayer hall.
Sampling Method
The sampling was divided into four continuous sessions as shown in Table 2 . The sampling events in the mosques were conducted for 5/5.5 hours from 1200hrs to 1700h/1730hrs. The discrepancies were due to the late entrance time of Asar and because the congregations finish by 1730hrs. The sampling was carried out for ten (10) days, with 1 day for each mosque with a carpeted floor. All the data was recorded in minutes, then averaged to hourly with no replications. On Friday, during Zohor, praying in congregation is compulsory and is normally called Friday prayer. The two types of ventilation conditions are passive ventilation, in which all fans are switched off when there are no occupants in the mosque, and active ventilation, in which the fans are switched on to cater to praying occupants. The selected sampling locations were more than 0.5 m from the walls, corners and windows but not directly in front of floor fans and not within 2 m of the doors. • No occupants • Passive ventilation During praying (Zohor/Friday) 1300 -1400/1430 hrs.
• With occupants • Active ventilation After/Before praying 1400/1430 -1600 hrs.
• No occupants • Passive ventilation During praying (Asar) 1600-1700/1730 hrs.
• With occupants • Active ventilation
Clothing Insulation Value and Metabolic Rate
According to ISO 7730 Standard [13] the basic clothing insulation value was based on the activity level determined through observation in the mosque buildings. According to [10] , the most common clothes worn by mosque goers (worshippers) in Malaysia are traditional Malay long-sleeved shirt with trousers, traditional Malay long-sleeved shirt paired with kain sarung, long-sleeve shirt paired with normal trousers and normal shirt with kain sarung. During prayer time, worshippers practice worshipping in the mosque buildings and the movements, such as standing, bowing, prostrating and sitting, are very relax. Table 3 shows the estimated clothing insulation value and metabolic rate for activities used in this study based on ISO 7730 Standard [13] and previous study [10] . 
Thermal Comfort Analysis
The PMV and PPD calculation were carried out using the CBE Thermal Comfort Tool for ASHRAE-55 [8] as shown in Fig 1. With the PMV and PPD methods, five parameters were used as inputs in this tool, namely, air temperature, air speed, humidity, metabolic rate and clothing level. Mean radiant temperature was assumed to be equal to air temperature values because, in most cases, it is negligible in the indoor environment [14] . The calculation of PPD could be strongly affected by the average hourly physical parameters (air temperature, air speed and humidity) recorded in different mosques. Table 4 presents the scale of the PMV index. There are seven (7) thermal sensation scales of PMV which runs from Cold (-3) to Hot (+3) which are from cold to hot. PMV values represent thermal comfort in the mosque's buildings. 2 shows the relationship between PMV and PPD (PMV-PPD chart) [15] . As PMV changes away from zero in either the positive or negative direction, PPD increases. For general comfort, ASHRAE Standard considers the acceptable range to be a PMV score from -0.5 to +0.5 and a PPD score <10, as shown in Table 5 . Both limits are applicable due to physiological variances of occupants. The seven-scale ASHRAE thermal sensations are currently widely accepted for assessment of thermal comfort. ) and highland (M10). During Zohor and Asar prayers, the highest temperature (34.5°C) was recorded after Zohor prayer when there was no occupant in the mosque buildings, while the lowest temperature (31.9°C) value was recorded during both Zohor and Asar prayers. Temperature built up rapidly before and after prayer and then dropped steadily during prayer times. Temperature was high before and after prayer because only passive ventilation (windows and doors) was available at that time while active ventilation (fans) was switched off. Temperature dropped during prayer because active ventilation (fans) was switched on at that time.
Fig. 1 -CBE thermal comfort tool
However, high temperature was also recorded during prayer time at Zohor at MQS01 at lowland and at MQS07 and MQS08 at highland. High temperature was likewise continuously recorded at M02 and M03 during Asar prayer at lowland even though active ventilation was in operation. This result could be due to the thermal load from sunshine from the outdoor environment through building materials into the indoor space of mosques coupled with the inadequate ventilation system. Thermal load consists of solar radiation energy which passes through the outside wall surface and continues on to the inside wall surface via conduction [16] .
Façade design is an important parameter that can lower air temperature and ensure adequate ventilation systems in mosque buildings. Façade acts as a boundary between external and internal environments and influences the environmental conditions of indoor spaces, the thermal performance of buildings and the occupants' satisfaction [17] .
Façade design can be solved through implementation of passive design such as the opening parameter that allows sufficient air to circulate into indoor space, the orientation of the mosques building, and the shading device that can prevent the heat that direct through the wall of the mosques building [9] . Moreover, ASHRAE 90.1 [18] has suggested that 24 percent of glazing area, such as window of the building's exterior envelope is the ideal percentage to allow optimum indoor daylight and natural ventilation, while more than 30 percent would cause overheating into the building. Larger glazed roof or wall will contributed to poor thermal comfort which caused internal heat gain due to solar, especially in the air-conditioned building because of the cooling load increased [19] .
Besides that, Liu et al. [20] found that heat transfer can be reduced from the outside to the inside by the moisture transfer in the buildings. Furthermore, the climatic problem can be solved by the double-shelled dome. The external dome can plays an important role to protect internal dome from the heat of sun's energy, thus can reduce the temperature inside the mosques building [21] . A better natural ventilation can be improved by having proper opening at the right location of a building and a good layout that can regulate the entering air movement throughout the interior spaces of the building [22] .
The results obtained during Friday and Asar prayers indicated that the temperature built up from 1200 until 1430 hrs. even when active ventilation was operating, fully. This was because the number of occupant in the mosque buildings at that time was higher as compared to the normal days. This was because Muslim was gathered every Friday in the mosque to perform Friday prayer. The temperature decreased after Friday prayer (1430 hr) when active ventilation was not operating as worshippers left the mosque. According to Guliuzza [23] , heat was produced from every cell in the human body as they burnt up energy and to keep the body warm, the heat was formed. The observations suggested that the heat produced from occupants' body affected the result at that time, as the number of worshippers was much higher than during the normal days.
In contrast, relative humidity decreased when temperature was high and increased when temperature dropped and air speeds of the most mosques were increased during prayer time. Relative humidity and air speed are also two of the main indicators that influence the level of thermal comfort for indoors [24] . 12 Fig. 4(a) shows the PMV against time during Zohor and Asar prayers at lowland (M01, M02 and M03) and highland (M07, M08 and M09). According to the seven-point ASHRAE scale, the mosques' environment was from 'slightly warm' to 'hot' at lowland and from 'slightly warm' to 'slightly cool' at highland. The plot illustrates that PMV built up rapidly during non-prayer time from hour 2 to hour 4 because no active ventilation was being used at that time. Fig. 4(b) shows the results of PMV during Friday and Asar prayers at lowland (M04, M05 and M06) and highland (M10). According to the seven-point ASHRAE scale, the environment of mosques' environment was from 'slightly warm' to 'warm' at lowland and from 'neutral' to 'slightly cool' at highland. The plot illustrates that PMV built up rapidly from hour 1 to hour 2.5 because the number of occupants in the mosques during that time on Friday was almost full (700-800 occupants) and higher compared to normal days (10-20 occupants). Thus, the temperature was high even though the active ventilation was in operation. [25] . Based on ASHRAE Standard-55, the acceptable limit for PPD value should be less than 10%. Fig. 5(a) shows the PPD results versus time during Zohor and Asar prayers at lowland (M01, M02 and M03) and highland (M07, M08 and M09). This figure shows that most of the occupants were more comfortable when active ventilation was switched on. From hour 2 to hour 4, the number of dissatisfied occupants was very high at lowland compared to that at highland due to the idled active ventilation and the ineffective natural ventilation. In addition, most of the time, natural ventilation such as windows and doors were closed especially during non-prayer time. Fig. 5(b) shows the PPD during Friday and Asar prayers at lowland (M04, M05 and M06) and highland (M10). The number of people who were dissatisfied when the active ventilation system was switched on from hour 1 to hour 2.5 increased because the temperature at that time was high due to the higher number of occupants compared to normal days. The results also showed that the number of people who were dissatisfied was very high at lowland compared to that at highland.
PMV and PPD
The results from PMV and PPD showed better thermal comfort and lower number of people dissatisfied at highland compared to those at lowland. However, Hussin et al. [26] reported that most of the Jemaah preferred their thermal environment (which felt natural) even though PMV values indicated discomfort (slightly warm) in the airconditioned mosque buildings. Therefore, further research needs to be conducted to select the appropriate thermal comfort in non-air-conditioned mosque buildings during Zohor/Friday and Asar prayers in hot and humid environments. 
Conclusion
This study was conducted at 10 mosque buildings from 1200h to 1700h/1730h to assess thermal conditions during Zohor/Friday and Asar prayer times. PMV and PPD were calculated using CBE Thermal Comfort Tools for ASHRAE-55, and the results for passive and active ventilation conditions were captured. Results showed that thermal comfort was poor before and after prayer times because only passive ventilation was available during those periods. However, some of the prayer times (Zohor and Asar prayers) showed high temperature even when active ventilation (fans) was operated. This finding could be caused by the façade design, which influenced by the thermal load from outdoor environment to indoor space, and the inadequate ventilation system. Overall, findings indicated that better thermal comfort occurred during prayer time at highland compared with that at lowland, with the thermal sensation conditions of mosques in the former 'slightly warmer' to 'slightly cool' and in the latter 'slightly warm' to 'hot'. Moreover, based on the obtained results, the mosque buildings did not provide a good thermal comfort at lowland because the percentage of dissatisfied was high compared to that at highland. Therefore, although non-air-conditioned mosques can reduce their energy consumption and cost, poor thermal comfort can negatively influence the users' health. Passive design strategies can be implemented to provide better thermal comfort.
